INTRODUCTION Venezuelan equine encephalitis (VEE) virus was first isolated in 1938 by
from the brain of a horse which died during an epizootic of a previously unrecognized disease in Venezuela. Subsequent isolation of VEE-related virus strains were made between 1943 and 1963 in Venezuela, Colombia, Peru, Trinidad, Brazil, Surinam, Argentina, Panama, Mexico and the United States (Florida) (Young & Johnson, 1969) . During the 1969 to 1971 VEE epizooticepidemic which occurred in South America, Central America, and the United States (Texas), the I-AB subtype virus caused human disease and a high mortality among horses (Lord, 1974) . Shope et al. (1964) first defined the viruses in the VEE serological complex by showing relationships between classical VEE, Mucambo (BeAn8) and Pixuna (BeAr 35645) viruses. Young & Johnson (1969) further classified and serotyped a wide variety of VEE isolates by short-incubation haemagglutination-inhibition (HI) testing. The classification scheme they devised included identification of prototype viruses for subtypes I, II, III and IV; viruses in subtype I were further subdivided into five variants, designated I-A to I-E.
We have extended our immunological and biochemical analyses of the prototype VEE viruses and report on several more recently isolated, unclassified viruses which belong to the VEE complex. These newer viruses include strain 71D-1252, isolated in 1971 in the Amazon region of Peru. This virus is partially neutralized by antiserum produced against subtype variant I-B or subtype III virus, and has been proposed as a possible new VEE subtype (Scherer & Anderson, 1975) . VEE-related viruses Cabassou (CaAr 508) and Tonate (CaAn 410d) were isolated by Digoutte & Gerault (1976 ) in 1968 and 1973 French Guiana. Monath et al. (1980) isolated Bijou Bridge (CM4-146) virus, serologically indentical to Tonate virus, in 1974 from pools of cliff swallow nest bugs collected in Colorado. VEE isolate Paramana (CaAr 4389) was isolated in 1972 in French Guiana (J.-P. Digoutte, personal communication) . Recently, strains 78V-3531 and SPAn-50783 were isolated from mosquitoes in Brazil (Calisher et al., 1982) . These previously unclassified VEE viruses have been serologically analysed using virus envelope glycoprotein antiserum, and the structural proteins and genome RNAs have been analysed by biochemical methods. Virus strains used. The virus strains, countries of origin, and dates of isolation are listed in Table 1 . These strains were cloned by picking well-isolated plaques on cultures of Vero or primary Pekin duck embryo cells and seed stocks prepared.
METHODS

Materials. L-[3H]leucine, L-
Growth and purification of labelled viruses. Confluent monolayers of BHK-21 cells were infected at a multiplicity of 0.4 to 2-0. Four h after infection, 0.5 or 5 mCi of [3H]leucine (12-5 ~tCi/ml) or [32p] (125 ~tCi/ml) respectively, was added and the cultures incubated at 37 °C until cytopathic effects were evident in 70 to 90~ of the cells. Culture fluids were then clarified by centrifugation for 30 min at 8000 rev/min, and viruses were purified by polyethylene glycol precipitation at 4 °C, followed by isopycnic centrifugation in two separate linear density gradients of potassium tartrate-glycerol and NaCl-sucrose as described by Obijeski et al. (1976) . Purified viruses were pelleted by centrifugation for 4 h at 39000 rev/min in an SW40 rotor, and pellets were resuspended in 0.5 ml of 200 mMTris-HC1 pH 8-0 or TNE buffer (150 mM-NaC1, 10 mM-Tris-HC1 pH 8.5, 1 mM-EDTA). Virus protein was measured by the dye-binding spectrophotometric method of Bradford (1976) .
Polyacrylamide gel electrophoresis. Discontinuous SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed as described previously with minor modifications: the gels contained 2.5 M-urea (freshly dissolved) and the resolving and stacking gels were 9 and 2 cm high respectively. Proteins were dissociated by boiling in a solution containing 2.5 ~ (w/v) SDS, 10 ~ (v/v) glycerol, 5 ~ (v/v) 2-mercaptoethanol, and 0.002~o (w/v) bromophenol blue dye. Peptide bands were fixed and visualized by Coomassie Brilliant Blue G-250 staining (Blakesley & Boezi, 1977) . Gels were destained in water, impregnated with Enhance, dried, and autoradiographed using Kodak X-Omat R (XR-5) X-ray film. . Values were read from the least squares curve fit (correlation coefficient greater than 0.99 for TC-83 proteins) of the log10 of the assigned molecular weights of TC-83 proteins against the distance migrated by these proteins in the resolving gel.
Dissociation and isoelectricfocusing of virus proteins. The isolation of VEE Trinidad donkey (TRD), PTF-39, P676, 3880, Mena II, Everglades (EVE), Mucambo (MUC), and Pixuna (PIX) structural proteins by isoelectric focusing in urea gradients was described previously . Proteins of Tonate (TON), Bijou Bridge (BB), Paramana (PARA), Casassou (CAB), 71D-1252, 78V-3531, and SPAn-50783 viruses were isolated as follows. One mg of purified, labelled virus was dissociated in 3 ml of 4 to I0H (w/v) Zwittergent TM314 (Gonenne & Ernest, 1978) in 200 mM-Tris-HCl pH 8-0 for 60 rain at 37°C. Nucleocapsids were removed by pelleting at 35000 rev/min for 1 h at 4°C through 30% (w/v) sucrose in 200 n~-Tris-HC1 pH 8.0. The density of the supernatant was adjusted to allow layering in the upper third of an LKB 8100 (110 ml) Ampholine column containing a 0 to 4% (w/v) sucrose gradient (Dalrymple et al., 1976) containing 2.8 % (v/v) LKB ampholytes pH 3.5 to 10 and 0.1% Zwittergent. Isoelectric focusing of the dissociated virus proteins was performed for 12 to 18 h at 15 °C using a regulated power supply adjusted to maximum settings of 15 W, 150 mA and 1600 V. Eluted fractions were sampled for radioactivity measurements, and peak fractions were pooled for further study. Ampholytes, but not Zwittergent, could be removed by dialysis.
Preparation ofsubunit antisera and serological tests. Rabbit antisera to the E2 glycoproteins of TRD, PTF-39, P676, 3880, Mena II, EVE, MUC and PIX viruses were prepared as described previously . Anti-E2 sera for the remaining viruses were prepared with Zwittergent-dissociated virus proteins by isoelectric focusing. For primary immunization, each rabbit was injected subcutaneously (s.c.) in the back over each limb with approximately 150 ~tg of E2 glycoprotein emulsified with an equal volume of Freund's complete adjuvant (FCA). Three weeks later, each rabbit received s.c. 150 ktg of E2 protein, emulsified in FCA, as well as 150 ~tg intravenously. For further immunizations, 150 rtg was injected s.c. When antibody titres reached an adequate level, the animals were anaesthetized and exsanguinated by cardiac puncture.
Serum dilution-plaque reduction neutralization (N) tests were performed in six-well plates of Vero cells as described by Hunt & Calisher (1979) . HI tests were performed using microtitre plates by the method of Clarke & Casals (1958) .
Peptide mapping of virus proteins. Peptide mapping of proteins was performed by the limited-proteolysis method of Cleveland et al. (1977) . Purified virus (80 p.g) was boiled for 3 min in 0.3 ml of V8 buffer (125 mM-Tris-HC1 pH 6.8, 0.25% SDS, 10% glycerol) and cooled to room temperature. The solubilized proteins were digested by adding 10 ~tg of Staphylococcus aureus V8 protease and incubating for 2 h at 37 °C .
Oligonucleotidefingerprinting of virus RNA. 32p-labelled virus RNA was extracted from purified virions and digested with RNase T1 as described previously (Trent & Grant, 1980) . Two-dimensional PAGE of RNase T1-resistant oligonucleotides has been described in detail by Trent et al. (1979) and by Trent & Grant (1980) .
RESULTS
Isoelectric focusing of virus proteins
The E2 glycoproteins of some VEE strains used as immunogens were prepared using isoelectric-focused Zwittergent-dissociated virus. The virus suspension was clear on initial mixing with Zwittergent but became turbid with a fine precipitate, which consisted predominantly of capsid protein and variable amounts of E2 protein. Further addition of Zwittergent to the capsid precipitate resulted in capsid which was free of the E2 protein.
Isoelectric focusing profiles of Zwittergent-dissociated CAB (Fig. 1 a) and TC-83 ( Fig. 1 b) glycoproteins in gradients with pH 3.5 to 10 ampholytes showed two well-resolved protein species at pI 6.4 to 6-6 amd pI 8.9 to 9.2. PAGE analysis showed that the pI 6.4 and pI 8.9 peaks of TC-83 virus contained E1 and E2 glycoproteins respectively whereas the pI 6.6 and pI 9.2 proteins of CAB virus co-migrated on SDS-PAGE (data not shown).
The isoelectric focusing profiles of PTF-39, P676, 3880, Mena II, 78V-3531, SPAn-50783, EVE, 71D-1252, and PIX viruses solubilized with 4% Zwittergent showed two distinct peaks; the E1 protein at pI 6.4 to 6-9 and E2 at pI 8.9 to 9.3. MUC, Tonate (TON), Bijou Bridge (BB) and Paramana (PARA) viruses were not adequately dissociated when 4 % Zwittergent was used, because the E2 peak of these viruses was contaminated with E1 protein. By increasing the Zwittergent concentration to 10%, the E2 protein (pI 8.6 to 8.9) of these viruses was obtained free from E1 (pI 6.3 to 6.7) (data not shown).
Zwittergent-dissociated isoelectric-focused E2 proteins of TON, BB, PARA, CAB, 78V- 3531, SPAn-50783, and 71D-1252 viruses were used to immunize rabbits. Antisera to the E2 glycoproteins were produced in rabbits using only the cathodal portion of the E2 peak for immunization as SDS-PAGE analyses of fractions indicated that the anodal portion of some of the VEE E2 isoelectric focusing peaks contained small amounts of El protein.
Serological analysis of VEE complex viruses
Fifteen VEE virus anti-E2 sera were cross-tested by HI in order to analyse the serological relationships of previously unclassified VEE viruses (Table 2) . 78V-3531 and SPAn 50783 viruses, which are serologically indistinguishable from each other, have been tentatively classified as new VEE subtype-variant I-F on the basis of the HI reactivity of their sera with other subtype I variants (Calisher et al., 1982;  Table 2 ). Viruses designated TON, BB and Para, indistinguishable from each other by HI, were closely related to prototype subtype III MUC virus. The antiserum to the E2 glycoprotein of 71 D-1252 virus did not differentiate it from MUC virus. CAB virus was distinct in its relatedness by HI.
Neutralization (N) testing with subunit antisera confirmed the relationships between MUC, TON, BB, PARA and 7lD-1252 subtype III viruses which had been established by HI. The results of cross-testing 12 VEE viruses by N (Table 3) supported those obtained by HI. Unlike the HI results, however, the 78V-3531 and 3880 antisera were specific for the homologous viruses and distinguished these from other subtype I viruses by N. Antiserum to PTF-39 subunit E2 glycoprotein, on the other hand, was less specific by N than it was by HI testing.
On the basis of these serological results, we propose that MUC, TON (including BB and PARA strains), and 71D-1252 viruses be classified as VEE subtype-variants III-A, III-B and III-C respectively. It appears that CAB may represent a new VEE subtype which we suggest be designated subtype V.
Gel electrophoresis of virus structural proteins
To demonstrate correlations between serological and biochemical characteristics of the virions, structural proteins of VEE viruses were analysed by SDS-PAGE (Fig. 2) . Two envelope 
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Antisera to E2 glycoprotein of glycoproteins and the capsid protein were well-resolved for most of the 15 viruses analysed. The envelope glycoproteins of PIX virus (Fig. 2 , lane h) migrated very similarly, but were separable from each other. The two envelope proteins of CAB virus were not resolved by P A G E (lane m). Mol. wt. of the structural proteins were estimated by comparison with the electrophoretic migration of TC-83 structural proteins (Table 4) . Capsid proteins of all the strains were calculated to have a mol. wt. of 35 to 36 kdal and the E1 envelope glycoproteins 50 to 51 kdal. The greatest-size variation occurred among the E2 envelope glycoproteins. The E2 proteins of TC-83, PTF-39 and EVE viruses were of similar size, 57 to 58 kdal. The apparent tool. wt. of the E2 proteins of the remaining viruses varied between 53 and 56 kdal, except for the E2 protein of CAB virus, which migrated at about 51 kdal. From the mol. wt. of the structural proteins it is readily apparent that S D S -P A G E profiles of VEE structural proteins generally are not sufficiently unique to identify these viruses without supporting serological data.
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V8 protease peptide mapping of VEE structural proteins
Prior to a more detailed comparison of individual structural proteins, we investigated the electrophoretic patterns of partially digested SDS-dissociated proteins of purified viruses. [3H]leucine-labelled viruses were digested with S. aureus V8 protease and the resulting peptide fragments were separated by electrophoresis in 15~ polyacrylamide gels (Fig. 3) . Serologically identical viruses 78V-3531 and SPAn-50783 viruses (Fig. 3 , lanes n and o respectively) produced identical V8 maps. Subtype III-B viruses TON, BB and PARA (lanes i, j and k, respectively), which were serologically indistinguishable (Table 2) , also produced identical V8 maps. Subtype I II-C virus 71 D-1252 virus (lane l) produced a pattern that was very similar to, yet different from, the patterns of the subclass II-B viruses TON, BB and PARA. The Cleveland map patterns of TON, BB, PARA and 71D-1252 viruses were similar to that of the subclass III-A virus MUC BeAn 8 (lane g).
TC-83 (lane a) and PTF-39 (lane b) viruses appeared to share numerous V8 fragments. The most significant difference between these patterns appeared as two dark bands at the middle of the gel; those of PTF-39 migrated faster than those of TC-83. Although certain fragments of TC-83, PTF-39, P676 (lane c), 3880 (lane d), Mena II (lane e) and EVE (lane f ) viruses appeared to migrate similarly, the V8 pattern of each virus was distinguishable from the patterns of the other five viruses. The PIX virus profile (lane h) appeared similar to, yet distinguishable from, the profiles of MUC and the MUC-related viruses. CAB virus produced a very characteristic profile (lane m). This virus has appeared repeatedly to be more susceptible to V8 protease cleavage during a 2 h incubation period. Digestion of CAB virus for 1 h resulted in more fragments in the SDS-PAGE profile, which differed from those of the other 14 viruses studied (data not shown).
Oligonucleotide fingerprint analysis of virus RNA
To extend our previous studies of the VEE RNA genome , oligonucleotide fingerprint analyses were performed for MUC (BeAn 8), MUC (52049), TON, BB, PARA, 71D-1252 and CAB viruses; these are presented in Fig. 4 . Although co-electrophoresis of paired RNA digests is necessary to determine oligonucleotide homologies accurately visual comparison of the RNase T1 oligonucleotides indicated that the genomes of MUC BeAn 8 and MUC 52049 viruses are quite similar (Fig. 4a, b) as are the large oligonucleotides of TON, BB and PARA viruses (Fig. 4c, d and e) . The fingerprint of prototype III MUC virus (Fig. 4a ) was very different from those of TON, BB, PARA and 71D-1252 (Fig. 4f) viruses. A comparison of the BB and PARA fingerprints with that of TON virus showed that TON and BB fingerprints differed by five oligonucleotides, three absent from the BB map (Asterisks in Fig. 4d ) and two new ones in the BB map (arrows in Fig. 4d ). The fingerprint of PARA virus is more similar to that of BB virus than TON virus, since it contains the two new oligonucleotides (arrows in Fig. 4e ) which were present in the BB, but not the TON, fingerprint. BB and PARA fingerprints also lack two identical spots (asterisks in Fig. 4d and e) that are present in the TON fingerprint. The fingerprint of CAB virus RNA, shown in Fig. 5 , was unique when compared to the fingerprints shown in Fig. 4 or of other VEE RNAs . DISCUSSION Previous work in our laboratory has shown that the smaller envelope glycoprotein (El) of VEE TC-83 virus is cleaved from an intracellular precursor before the larger (E2) protein . We have confirmed the E1 and E2 designations for the smaller and large VEE envelope glycoproteins of Mena II, 78V-3531, EVE, MUC, PIX and 71D-1252 viruses through precursor-product relationships established by pulse-chase studies of intracellular proteins in VEE-infected cells (data available upon request).
Pulse-chase studies of intracellular proteins, SDS-PAGE of structural proteins of purified viruses, and isoelectric focusing profiles indicate the presence of a capsid protein and two major envelope glycoproteins in all of the VEE viruses studied. CAB virus, which showed only a single glycoprotein band by PAGE, showed two distinct proteins at pI 6.6 and 9-2 by isoelectric focusing. Wiebe & Scherer (1979 have reported the presence of threee envelope glycoproteins for subtype variants I-A, I-B, I-C and II. Since the total mol. wt. of the three glycoproteins and capsid protein was too large for the coding capacity of the 26S mRNA, Wiebe & Scherer suggested that the third glycoprotein might differ by a post-translational modification. Ishida & Simizu (1981) showed by peptide mapping that a minor protein component of Western equine encephalomyelitis virus was a modified form of the capsid protein. PAGE analysis of PIX and 78¥-3531 viruses often showed a minor structural protein (Table 4 ) which was present in barely detectable amounts in the E2 protein peak obtained by isoelectric focusing of the envelope glycoproteins and which co-migrated, on PAGE, with an intracellular protein during pulsechase studies of virus-infected cells (data not shown). The relationship between minor structural components of the virus and intracellular precursors must await peptide mapping of presumed related proteins; the evidence suggests that small amounts of incompletely processed precursor molecules may be incorporated into the mature alphavirus virion (Simons et al., 1980) .
We have routinely dissociated virus to be analysed by SDS-PAGE with 2-5 ~ (w/v) SDS and 5~ (v/v) 2-mercaptoethanol (2-ME), compared to 1 ~ SDS and 1 ~o 2-ME used by Wiebe & Scherer (1979) . Treatment of Semliki Forest virus with 0, 1 or 2~o 2-ME resulted in different electrophoretic mobilities of the envelope glycoproteins (Kaluza & Pauli, 1980) . Complete reduction of disulphide bonds occurred at a 2-ME concentration of 2~o, indicating that the concentration of reducing agents may be important in the characterization of virus proteins by PAGE. We have observed identical VEE SDS-PAGE protein profiles whether analyses were performed in gels with or without urea; however, urea facilitates better delineation of the protein bands.
The serological specificities of VEE virus anti-E2 sera have been investigated by HI and N testing (Tables 2 and 3 ). The E1 glycoprotein stimulates precipitating or binding antibody in rabbits; however, only the E2 glycoprotein stimulates significant N or HI antibody (Pedersen & Eddy, 1974; France et al., 1979) . The results of cross-testing 15 VEE viruses by HI, using more than one antiserum prepared against the E2 glycoprotein of each virus, indicated, as with spiny rat sera (Johnson & Martin, 1974) , that specificity varies with different antiserum preparations (R. M. Kinney et al., unpublished observations). The HI cross-reactivity of I-A, I-B, I-C and I-D strains indicated considerable homology in the antigenic structure of their E2 glycoproteins, whereas Mena II (I-E) virus was generally distinguishable from the other subtype I variants. The E2 glycoprotein of EVE (II) virus appears to be related to similar proteins in VEE viruses I-A, I-B and I-D. N tests (Table 3) generally confirmed the relationships which were established by HI; however, the PTF-39 antiserum was less specific, and 3880 and 78V-3531 antisera were more specific by N than by HI.
We propose that TON, including the BB and PARA strains, and 71D-1252 viruses are antigenic variants of subtype III MUC virus, with prototype MUC classified as VEE subtypevariant III-A and TON and 71D-1252 designated III-B and III-C respectively. The oligonucleotide fingerprint of TON virus varied by only four and five well-resolved large oligonucleotide spots from RNase T1 maps of PARA and BB viruses respectively, supporting the close antigenic and V8 peptide relationships observed. The subtype III-B and 71D-1252 (III-C) viruses which are serologically related to MUC virus, appear to be genetically distinct from MUC virus. On the basis of HI cross-reactivity with VEE subtype I viruses, 78¥-3531 virus has been classified as a new VEE subtype-variant, designated I-F (Calisher et al., 1982) .
CAB virus appears to be a new VEE subtype, which we have designated V. The oligonucleotide fingerprint of CAB virus was quite distinct and showed no significant genetic relation to any of the other VEE strains characterized in this study or previously . Until more isolates of CAB virus are identified and analysed, a new subtype classification can be considered only tentative.
Although oligonucleotide fingerprints of a given serotype are similar, fingerprints of different isolates are distinct enough to identify individual viruses. Burge & Huang (1979) reported that when differences of 20 ~or less were observed for the oligonucleotide maps of structural genes of vesicular stomatitis virus strains, differences in corresponding structural proteins were not detectable by limited V8 or chymotryptic protease digestion. Thus, even though only 10 to 15 ~o of the genome is represented by the large, RNase Tl-resistant oligonucleotides Burge & Huang, 1979) , RNA fingerprinting is a much more sensitive indicator of genetic variation than serological or protein mapping techniques, and as such is a valuable tool in the epidemiology of epizootic and enzootic VEE strains.
